The development of the visual word recognition system involves changes on the processes used by children and adults to encode printed words in the mental lexicon.
There is little doubt that reading proficiency results from a transition from serial letterby-letter processing strategies to a more efficient, parallel, and direct process of lexical access (e.g., Bowey & Muller, 2005; Duncan, Seymour, & Hill, 1997 ; see also Rayner, Foorman, Perfetti, Pesetsky, & Seidenberg, 2001) . In this light, the process of word recognition is likely to be more difficult for words with more letters, and this difficulty may increase for beginning/intermediate readers of transparent orthographies. In other words, print-to-sound mapping seems to be much more useful for lexical access in transparent orthographies than in opaque orthographies (see Jiménez & Guzmán, 2003) .
Thus, exploring how the coding of letters is attained for short and long words by beginning, intermediate, and adult readers can be critical to understand how lexical access is achieved in a transparent orthography like Spanish. This is the main goal of the present study.
Models on reading development assume that the strategies used to recognize printed words change when automatic access to the mental lexicon is achieved.
Children begin to be aware of graphic features of print when they start learning to read.
This implies an evolution from a visual logographic (or prephonetic) stage to a phonetic-alphabetic reading stage (Ehri, 1995; Mason, 1980) . During this latter stage, children must acquire domain about specific letter identities and their corresponding sounds. As proposed by Frith (1985) , the process of reading establishes the link between orthographic knowledge and spelling. That is, the reading experience triggers letter-sound relations, being the spelling ability the direct consequence of this process.
Thus, the acquisition of reading skill is developed on a continuum, from print awareness to accurate phonemic mapping in the alphabetic code. Indeed, there is evidence of a progression from relying on word's small units, like letters or graphemes, to word's larger units (see Duncan, Seymour, & Hill, 2000; Ziegler & Goswami, 2005 ).
Not surprisingly, in a transparent and regular orthography like Spanish, children reach the ceiling of competent reading faster than in an opaque and irregular orthography (e.g., English; see Aro & Wimmer, 2003) : this is because children in a regular orthography become easily aware of the spelling regularities of their language.
Developmental studies on the length effect (i.e., the difference in time processing between short and long words) are, therefore, important to capture the evolution of these strategies. However, there are very few previous studies that have examined the length effect for beginning, intermediate, and adult readers. Using a reading aloud task with 3 rd graders, 5 th graders, and adult readers, Bijeljac-Babic, Millogo, Farioli, and Grainger (2004) found that the effect of length for words (in French) diminished with age, indicating a transition from a serial grapheme-phoneme mapping to a greater reliance on lexical knowledge. Bijeljac-Babic et al. (2004) also employed a speeded identification task, and they found a strong length effect for words in third-grade children that diminished with increasing age (see Aghababian & Nazir, 2000 , for a similar pattern). Likewise, Samuels, Laberge, and Bremer (1978) found that response times in a word categorization task in English were affected by the word length, and that this effect diminished with age. To our knowledge, there are no prior studies examining the length effect from beginning and intermediate to adult readers in Spanish with the lexical decision task --the most popular (and modeled) paradigm in visual word recognition (Coltheart, Rastle, Conrad, Langdon, & Ziegler, 2001; Grainger & Jacobs, 1996; Ratcliff, Gomez, & McKoon, 2004; Wagenmakers et al., 2004 ). Unlike the above-cited developmental studies, which only used word stimuli, we tested the effect of length for both word and for nonword stimuli.
The lexical decision task has provided mixed evidence with respect to the length effect with adult readers. Hudson and Bergman (1985) , O´Regan and Jacobs (1992) and Balota et al. (2004) found a length effect for words (i.e., slower response times to longer words), whereas Frederiksen and Kroll (1976) failed to find such effect. A recent study based on a complete set of simulations with the word pool of the English Lexicon Project conducted by New, Ferrand, Pallier, and Brysbaert (2006) concluded that the mixed evidence was probably due to several uncontrolled factors (e.g., language, number of "orthographic neighbors", different lengths used) among the different studies. More important for the present purposes, and as indicated above, there is no published evidence on the length effect for words with a children population, or on how the length effect varies among beginning, intermediate, and adult readers in a lexical decision task -in Spanish or in other languages. Needless to say, it is critical to gather these data to know "what is there to simulate" by the computational models of visual word recognition. Finally, it has been argued that the lexical decision task may amplify lexical effects, particularly the word frequency effect (see Balota & Chumbley, 1984) .
Nonetheless, word frequency was tightly controlled in the present experiment. Clearly, response times are always measured within the distorting lenses of the particular task used, and we should note that the lexical decision task decreases the potential effect of the inherent phonological component which occurs in a naming task (Pollatsek, Perea, & Carreiras, 2005 ; see also Carreiras, Perea, & Grainger, 1997 , for a cross-task comparison Spanish, including lexical decision and naming).
Another factor that is critical to understand the processes underlying reading development in children is how the ordering of letters in a printed word is encoded within that word's specific representation (Perea & Lupker, 2004) . How can readers discriminate the words causal and casual? There is robust empirical evidence, obtained with adult readers, that strongly suggests that letter identity and letter position are not integral perceptual dimensions (Perea & Lupker, 2004; Johnson, Perea, & Rayner, 2007) . For instance, transposed-letter pseudowords (e.g., RELOVUTION) are perceptually similar to their base words and they are easily confusable with their base word (see O'Connor & Forster, 1981; Perea & Fraga, 2006; Perea, Rosa, & Gómez, 2005) . Furthermore, there is evidence of transposed-letter priming effect using the masked paradigm (Forster & Davis, 1984) with adult participants. In this technique, the priming stimulus is presented briefly just prior to the target. A forward pattern mask precedes the prime and, under these conditions, the trace of the prime is relatively inaccessible to conscious report, so that it minimizes the impact of strategic effects.
Prior research has found that masked transposed-letter pseudoword primes produce form-priming effects relative to the appropriate orthographic control in the lexical decision task (e.g., jugde-JUDGE vs. jupte-JUDGE; Perea & Lupker, 2003 , 2004 ; see also Andrews, 1996; Forster, Davis, Schoknecht, & Carter, 1987; Schoonbaert & Grainger, 2004) . Furthermore, these priming effects also occur when two nonadjacent internal letters are transposed (caniso-CASINO vs. caviro-CANISO; Perea & Lupker, 2004) .
Interestingly, the letter coding process may be subject to developmental changes. The idea is that the process of assigning locations to objects (in our case, letters) may not be straightforward, and this difficulty could increase for beginning readers. In a recent study, Castles, Davis, Cavalot, and Forster (in press ) reported a lexical decision experiment that tested the magnitude of masked transposed-letter priming effects in third-grade children and adults. They found that the magnitude of the priming effects diminished with age. Castles et al. suggested that the visual recognition system stores knowledge about words through a discrimination mechanism; during reading exposure, this knowledge about words allows this discrimination mechanism become more "fine tuned". That is, in the initial stages of reading acquisition the word recognition system may be more flexible when coding letter positions into the string. In addition, Perea and Estévez (in press) Friedmann and Gvion (2005) reported that some children may develop a selective deficit in letter position encoding that results in errors of letter position within words: developmental letter position dyslexia. Hence, the transposed-letter effect is a reliable phenomenon that may be used to reflect the evolution of the discrimination mechanism of the visual recognition system in Spanish (see Castles, Davis, & Forster, 2003 ).
An important implication of the effects of length and transposed-letter similarity is that they pose a problem for current computational models of visual word recognition. On the one hand, models which assume that a letter is coded only in a certain position in the word (i.e., "position specific" coding models such as the DRC model of Coltheart et al., 2001 ; or the DCP+ model of Perry, Ziegler, & Zorzi, in press) cannot capture the presence of transposed-letter effects, although the DCP+ model can account for developmental data. More specifically, Perry et al. (in press ) developed a connectionist model by modifying the (static) DRC model of Coltheart et al. (2001) with the learning procedure of the PDP model of Seidenberg and McClelland (1989) .
Although the DCP+ model may account for the intricacies of the length effect in developmental data, it has two handicaps: i) it is a model of reading aloud (i.e., other experimental tasks -e.g., lexical decision-are beyond the scope of the model), and ii) it is based on an absolute position coding in which letter slots are coded into an onsetvowel-coda scheme (i.e., the model cannot capture transposed-letter effects).
Alternatively, several recently proposed models that employ a more flexible input coding scheme (e.g., SOLAR model; Davis, 1999; SERIOL model, Whitney, 2001 ; open-bigram model Grainger & van Heuven, 2003) can readily accommodate the presence of transposed-letter effects but -at least in their present implementationcannot account for developmental data. In the SOLAR model (Davis, 1999 ; see also Davis, 2006) , letters are activated serially and coded across a spatial activation gradient: The first letter of the word has the greater activation and activation decreases across the letter string. The effect of length would be due to this serial process. In this model orthotactic (lexical) input rules are not taken into account, so that it predicts an effect of length of similar magnitude for words and nonwords. In addition, because of the relative position coding in the activation gradient, the items AMINAL and ANIMAL would be perceptually very similar, so that the model can readily capture transposedletter effects. An interesting feature of this model to the understanding of reading development is that it can learn new encountered orthographic representations when inputs are not found in the model's lexicon (see Castles & Nation, 2006, for discussion) . In addition, in the SERIOL model (Whitney, 2001) , the identity of all letters is first coded in parallel. Then, a temporal coding of letters takes place. Letters and some others must be learned (reading direction and association of orthographic representations with the corresponding lexical representations). Whitney and
Cornelissen listed several types of dyslexia in terms of the lack of efficiency of the learned aspects of the model and they proposed solutions for children who show these deficits. However, the current version of the SERIOL model is not able to learn.
In sum, there exist computational models that can fit developmental data, but cannot accommodate the presence of the transposed-letter effects. Other models can accommodate transposed-letter effects, but cannot account for developmental data (i.e., they are not able to learn). Clearly, both length and transposed letter similarity are two critical factors that reflect orthographic processing during reading, and they may be sensitive to developmental changes across reading development. The conjoint examination of length and transposed-letter effects across reading experience is necessary to constrain the parameters in the computational models of visual word recognition.
The present experiment is intended to provide behavioral evidence of reading development in Spanish -a transparent and very regular orthography-using the most popular task in the field of visual word recognition: lexical decision. Specifically, we conducted a masked priming experiment with beginning (3 rd grade), intermediate (6 th grade), and adult readers in which word length and prime-target relatedness (via transposed letter similarity) were manipulated. We selected a set of short (mean 6.5 letters) and long (mean 8.5 letters) words that could be preceded by a transposed-letter pseudoword prime or an orthographic control prime (e.g., aminal-ANIMAL vs. the orthographic control arisal-ANIMAL; and cholocate-CHOCOLATE vs. the orthographic control chotosate-CHOCOLATE). If the process of assigning locations to objects (letters) is sensitive to reading skill, then beginning readers should show a greater transposed-letter priming effect than adult readers (see Perea & Estévez, in press , for evidence with a naming task). Furthermore, if reading acquisition involves a transition from a serial grapheme-phoneme mapping to a greater reliance on lexical knowledge (Bijeljac-Babic et al., 2004) , the effect of length should diminish with reading skill for word (but not for nonword) stimuli. This pattern may well be detected soon after children start beginning to read in comparison to other languages, due to the regularity of Spanish.
Experiment Method
Participants. The participants were thirty-six 3 rd grade children in Experiment 1a
(beginning readers; 19 female, 17 male; mean age=7 years), forty-four 6 th grade children in Experiment 1b (intermediate readers; 24 female, 20 male; mean age=11 years), and thirty-nine college students from the University of the Basque Country in Experiment 1c (adult readers; 21 female, 18 male; mean age=22 years). The children came from average socioeconomic backgrounds and from two different public schools in urban areas of Guipuzcoa (Spain). For 3 rd and 6 th graders, the test took place at the beginning of the academic year. All of them had normal or corrected-to-normal vision and were native speakers of Spanish -all of them were also speakers of Basque (another transparent orthography). The children had been taught to read using a phonics-based approach, in which teachers focus on teaching the rules of correspondence between graphemes and phonemes. Participants were excluded if they had sensory, acquired neurological, or other problems traditionally used as exclusionary criteria for learning disabilities.
Materials. The word targets were 128 words of six to nine letters. These words were divided into two groups as a function of length: "short words" (mean number of letters:
6.5; range 6-7 letters), and "long words" (mean number of letters: 8.5; range: 8-9 letters). Word frequency was controlled for short and long words: The mean word frequency per one million was 18 (range 1-352) for short words and 19 (1-210) for long words, respectively, in the Spanish database (Davis & Perea, 2005) . (All these words were familiar to beginning readers, as they appeared in the Spanish word frequency count for first-grade children of Corral, Goikoetxea, & Laseka, 2004 .) The mean number of "orthographic neighbors" was quite low: 1.2 for short words and 1.7 for long words. The targets were presented in uppercase and were preceded by primes in lowercase that were: i) the same as the target except for a transposition of two internal non adjacent consonants (aminal-ANIMAL, transposed letter condition), or ii) the same as the target except for the substitution of the two internal nonadjacent consonants (arisal-ANIMAL, orthographic control -double-substitution-condition). The letter transpositions occurred, on average, around positions 3.8 and 4.0 for short and long words, respectively. The primes were always nonwords and their syllabic structure was always the same as that of their corresponding base words. Bigram frequencies for transposed-letter and double-substitution primes did not differ significantly (p>.50). An additional set of 128 nonwords was created for the lexical decision task (64 "short" nonwords and 64 "long" nonwords). Nonwords were created by changing the first syllable and the following consonants of the target words, so that both length and orthographic structure was the same as in the target words (e.g., the nonword degero was formed from the word babero, and the nonword cresotale was formed from the word chocolate). The prime manipulation for the nonword trials was the same as that for the word trials. Two lists of materials were constructed so that each target appeared once in each list. In one list, half the targets were primed by transposed-letter primes and half were primed by double-substitution primes. In the other list, the targets were assigned to the opposite prime condition. Half of the participants were presented with each list.
Procedure. Participants were tested individually in a quiet room. The experiment was run using DMDX . Reaction times were measured form target onset until the participant's response. On each trial, a forward mask consisting of a row of hash marks (#'s) was presented for 500 ms in the center of the screen. Next, a centered lowercase prime was presented for 50 ms (3 cycles of 16.66 ms). Primes were immediately replaced by an uppercase target item, which remained on the screen until the response. (Note that a stimulus-onset asynchrony -SOA-of around 50 ms has become the standard in most current lexical decision experiments --as it is long enough to show early orthographic effects, and short enough to avoid any potential confound derived from conscious processing of the primes.) Participants were instructed to press one of two buttons on the keyboard to indicate whether the uppercase letter string was a legitimate Spanish word or not ("m" for yes and "z" for no). Participants were instructed to make this decision as quickly and as accurately as possible. Participants
were not informed of the presence of lowercase items. Each participant received a different order of trials. Each participant received a total of 22 practice trials (with the same manipulation as in the experimental trials) prior to the 256 experimental trials.
None of the participants reported having seen the lowercase words when asked after the session. The whole session lasted approximately 15 min.
Results
Incorrect responses were excluded from the latency analysis. For each grade (3 rd grade, 6 th grade, and college), analyses of variance (ANOVAs) based on the subject's median correct response latencies and error rates were conducted based on a 2 (length: long, short) x 2 (relatedness: transposition, double-substitution) x 2 (List: list 1, list 2) design.
List was included as a dummy variable in the ANOVAs to extract the variance due to the error associated with the lists (Pollatsek & Well, 1995 None of the effects on the error data was significant.
Not surprisingly, response times were faster -and error rates were fewer-for intermediate than for beginning readers (see Table 1 ). The ANOVA on the error data only revealed that nonwords preceded by a transposed-letter pseudoword were responded to more accurately than the nonwords preceded by a double-substitution pseudoword (4.1 vs. 5.3% of errors, respectively),
F(1,37)=5.24, MSE=11.02.
In summary, faster response times were found in young adults than in children.
More important for the present purposes, the effect of length for words vanished in adult readers -indeed, it was inhibitory in the error data. At the same time, there was a robust length effect when reading nonwords (86 ms). Taken together, these findings reveal a greater use of their orthographic knowledge for direct access to the lexicon in skilled readers with respect to children. It seems that only when achieving proficiency, Spanish readers start using different processes for word and nonword processing. In addition, adult readers also showed a significant masked transposed-letter priming effect for word and for nonword targets. Finally, as occurred with the children, there was a robust lexicality effect: words were responded to 224 ms faster than nonwords,
F(1,37)=9.08, MSE=33.9.

Global analysis
To assess how the effects of length and transposed-letter similarity varied across grade, an ANOVA (on the latency data and on the error data) was conducted, based on a 2 (grade: third grade, sixth grade, college) x 2 (length: long, short) x 2 (relatedness:
transposition, double-substitution) x 2 (List: list 1, list 2) design. List and grade were included as between-subject factors.
Word data. The ANOVA on the latency data showed significant main effects of In sum, the global analysis showed that the length effect for words was not constant in Spanish readers: The magnitude of the length effect for words (but not for nonwords) decreased with age. Interestingly, the transposed-letter effect was greater for nonwords than for words, and differed numerically across grade. Finally, what we should also note is that the transposed-letter priming effect obtained for words in intermediate and adult readers (9 and 11 ms, respectively), though significant, was slightly smaller than the transposed-letter effect obtained in previous with adult readers (around 18-20 ms; e.g., Perea & Lupker, 2004) ; nonetheless, Carreiras, Vergara, and Perea (2005) , also found a (significant) a transposed-letter priming effect of 11 ms.
Discussion
The main findings of the present lexical decision experiment can be summarized as follows: (i) there was a robust effect of length for words in beginning and intermediate readers, which vanished for adult readers, (ii) the effect of length for nonwords was robust, and similar in magnitude, across grade, (iii) beginning, intermediate, and adult readers showed a significant masked transposed-letter priming effect from nonadjacent transposed-letter pseudowords relative to the appropriate orthographic control condition (e.g., aminal-ANIMAL vs. arisal-ANIMAL), which was especially large for beginning readers, and (iv) the effect of transposed-letter priming was robust (and relatively constant) for nonword targets. Taken together, these results have important implications for models of visual word recognition.
The effect of length in developing and adult readers
The present lexical decision data confirm and extend recent developmental studies about the effects of length in perceptual identification and naming tasks (e.g.,
see Bijeljac-Babic et al., 2004) . The robust length effect for words found with children in lexical decision vanishes when the readers achieve a fully developed lexical system, as was the case of young adults. What we should also note is that beginning readers showed a greater length effect for words than for nonwords, while this pattern reverses for intermediate readers -and this trend increases with young adults (see Table 1 ). This result strongly suggests that beginning readers tend to use a letter-by-letter coding strategy to encode words and nonwords. In contrast, a more direct process of lexical access starts to take over in early phases of reading acquisition: intermediate readers As indicated above, the magnitude of the length effect for words decreased across grade reflecting a developmental pattern -interestingly, adults showed a greater error rate for short than for long words. It is also remarkable that the magnitude of the length effect for nonwords was numerically similar across grade: short nonwords were read 77 ms faster than long nonwords by beginning readers, 80 ms faster by intermediate readers, and 86 ms faster by skilled readers. This pattern of data suggests that the mechanisms involved in reading words and nonwords are somewhat different in children and in adult readers. There is empirical evidence that shows that readers are able to attend to lexical or sublexical cues depending on the demands of orthography (see Brown & Deavers, 1999; Goswami, Ziegler, Dalton, & Schneider, 2003; Perry & Ziegler, 2000) . When letter-by-letter coding is the only strategy operative (i.e., beginning readers), readers show robust length effects in word and nonword reading, but once knowledge about the orthographic representations of their language is more fully acquired, readers are able to choose the most suitable strategy depending on the lexical status of the stimulus item.
The ability to change from a letter-by-letter strategy to a direct process of lexical access would not be possible without an adjustment of the visual word recognition system to a given language, and this process starts at a very early age in Spanish readers (Sebastián-Gallés & Parreño-Vacchiano, 1995) . As beginning readers are exposed to more vocabulary, they learn to extract relevant orthographic structures from words.
Consequently, they can retain in memory lexical representations, make analogies and discriminate words with little effort: they achieve automatization (see Tindall-Ford, Chandler, & Sweller, 1997;  for an explanation about schemes, cognitive load and automatization processes). As suggested by Bijeljac-Babic et al. (2004) , this process can be the result of a tendency to read letter by letter when reading instruction begins (and, certainly, because in shallow orthographies the reading instruction per se emphasizes this process), groups of letters of different sizes when reading skills are being acquired, and whole words when reading has developed successfully.
Nonetheless it is difficult to ascertain whether this evolution involves a change from serial letter by letter coding towards a direct parallel lexical access as assumed by Bijelac-Babic et al. (2004) or just a more rapid sweep trough the letter string due to more efficient serial processes (see Whitney , 2007) . This is probably determined by the nature of the language and by the teaching strategies (Goswami, 2004 ). For example, the teaching method more usual in Spanish emphasizes blending phonemes to graphemes. This is why Spanish children who start to read tend to rely basically on slow, grapheme-phoneme mapping strategies (Valle-Arroyo, 1996) . Due to the orthographic consistency of Spanish, children begin to learn about phonemes via their corresponding letters, and quickly start to integrate the structural regularities in their mental lexicon. During reading experience, this process becomes more sensitive to word properties (i.e., sets of letters, salient word features), and accessing to words becomes more automatic (Sebastián-Gallés & Parreño-Vacchiano, 1995) . Indeed, previous studies suggest that this progressive development results from a reciprocal interaction between the storage of orthographic properties of words (Castles & Coltheart, 1993) and the implicit associations of the stored segments with phonological information (Share, 1995; Wimmer, Mayringer, & Landerl, 2000) . In this light, the interaction between lexical and sublexical processes may differ across transparent and deep orthographies (Arduino & Burani, 2004) . For example, Spanish and English children who suffer from phonological impairments, show different reading patterns.
English children tend to commit more errors for long than for short words, compared to Spanish children, but the striking point here is that the error rate of short words in English children is particularly high when the CVC structure implies an inconsistent vowel pronunciation (Davis & Bryant, 2006) . Thus, orthographic inconsistency hinders the establishment of direct connections between orthography and phonology from early stages of reading acquisition, whereas these connections can be directly established in a transparent orthography (Landerl, Wimmer, & Frith, 1997) . If this is so, it would be difficult to deny the presence of serial processes in a shallow and regular orthography like Spanish, where orthography and phonology are highly interconnected. We must bear in mind that the processing of phonology is assumed to be serial in nature (Coltheart et al., 2001; Whitney & Cornelissen, 2005) .
Only the DCP+ model of Perry et al. (in press ) can account for the observed pattern of length effects across the different Grades in the present experiment. Indeed, this model can capture the presence of length effects in other shallow orthographies (e.g., German). The DCP+ model has a serial and a parallel route to account for phonological and orthographic processes. In addition, the spelling-sound mapping regularities of the language can be trained and learned so that both small and large units can be recognized. This leads to a decreasing length effect with age, as found with Spanish readers. Despite the fundamental importance of the DCP+ model, one potential limitation is that (at present) it has been only implemented with monosyllabic words/nonwords in a reading aloud task. Another limitation is that the input coding scheme of this model cannot account for transposed-letter effects.
Letter coding in developing and adult readers
The results of the experiment showed a masked transposed-letter priming effect for beginning, intermediate and adult readers: words preceded by transposed-letter pseudowords were responded to faster than words preceded by double-substitution pseudowords (aminal-ANIMAL vs. arisal-ANIMAL) . Thus, we have replicated and extended previous research with adult readers (Perea & Lupker, 2003 , 2004 ; see also Christianson, Johnson, & Rayner, 2005; Perea & Carreiras, 2006) . The tendency to misperceive nonwords as their base words (e.g., cholocate being perceived as chocolate) may stem from the fact that, very early on processing, the visual recognition system allows some noisy on letter position (Gomez, Ratcliff, & Perea, 2007) or it may be due to a spatial/temporal flexible letter coding (Davis, 1999; Grainger & van Heuven, 2003; Whitney, 2001 ). As Castles et al. (2003) suggested, this process may be subject to developmental changes: for word targets, the transposed-letter priming effect decreased numerically with age: 53 ms for beginning readers, whereas intermediate and adult readers showed a small, but significant, effect of 9 and 11 ms effect, respectively.
As an anonymous reviewer suggested, z-scores may be an alternative way to assess the effect size when the overall response times differ across the different groups (e.g., children vs. young adults, or young vs. older adults). To that end, z-scores for each participant were calculated to test the reliability of the effects between groups (see Faust, Balota, Spieler, & Ferraro, 1999 , for a similar procedure). All the effects found in the global analysis remained significant, and more important, the interaction between transposed-letter similarity and grade was significant, F(2,112) =3.44, p=.03 . This interaction strengthens the idea that, as reading skill increases, the visual recognition system acquires a better, more accurate match procedure between the input and the mental representation.
What is the locus of the transposed-letter priming effect? Most researchers (and models) assume that it occurs very early in processing, probably at a prelexical orthographic stage (see Davis, 1999; Grainger & van Heuven 2003; Perea & Lupker, 2004; Whitney, 2001) . Consistent with this idea, we found a strong masked transposedletter priming effect with nonword targets in beginning, intermediate and adult readers (60, 77, and 36 ms, respectively; see also Perea & Carreiras, in press , for a significant effect of transposed-letter priming for nonwords). We must bear in mind that if the effect were lexical, only word targets would have shown the transposed-letter priming effect --since nonwords do not have lexical units. Indeed, the transposed-letter priming effect in the present experiment was greater for nonwords than for words (58 vs. 24 ms, respectively). How can we explain the nonword priming effect? Presumably, participants are engaged in an active verification process of the target item on the basis of the orthographic/phonological information activated by the masked primes, As a result, the nonwords preceded by transposed-letter primes would be discarded earlier than the nonwords preceded by double-substitution primes (see Perea et al., 2005, for further evidence on how "no" decisions are made in lexical decision). Clearly, this finding stresses the idea that sublexical processes are critical for Spanish readers, since letter identification and grapheme-phoneme mapping are necessary for further successful word reading (see Ellis & Young, 1996) .
As The data for word targets actually showed an additive length by relatedness pattern, supporting the predictions of the SOLAR and SERIOL models. In any case, the predicted similarity values must be taken with caution: there is a lack of sensitivity to lexical constraints (or top-down processing, in general) in the similarity match values.
The similarity match values just reflect the similarity between two letter strings, without taking into account that there are other factors involved when computing the degree in which two words are related. Thus, the present experiment supports the assumption that the visual recognition system is sensitive to orthotactic constraints (i.e., features of words) as a result of a natural process of adaptation during reading experience. Furthermore, the course of this adjustment process does not only depend on the activation mechanisms inherent to the visual recognition system, but also on external factors like orthography, teaching method, or reading exposure (see Castles & Nation, 2006) . Put another way, the visual recognition system does not work under constrains of static and fully specified representations (like the required parameters to implement a model) because it interacts with external factors. This interaction involves a complexity that computational models of word recognition, at present, cannot capture entirely. On the one hand, models that are based on a flexible letter coding are capable of explaining transposed-letter effects (like the SOLAR, SERIOL and Open Bigram models) and, on other hand, models that have been capable to learn and capture developmental changes, like the DCP+ model of Perry et al. (in press) , employ an orthographic coding scheme that cannot capture the effects of transposed-letter priming. It would be desirable that these models would be able to explain the letter encoding process from a developmental perspective. Thus, one important issue for future research is to design appropriate coding schemes for representing the orthography/phonology of polysyllabic words and to assess which orthographic segments become relevant when a simple statistical learning mechanism (such as our phonological assembly network) tries to learn the mapping between spelling and sound. One possibility is that DCP+ model employs an orthographic coding scheme other than a channel-specific one. For instance, Brundson, Coltheart, and Nickels (2005) successfully applied the coding scheme of the SOLAR model of Davis, (1999) within the framework of the DRC model. Whether changes to the DCP+ model within these limits (i.e., applying the orthographic coding scheme of the SOLAR/SERIOL models) would actually allow the model to predict the transposedletter priming effect and whether these modifications would then harm the models' abilities to explain other results would be a question for future research.
In sum, this paper has provided empirical evidence of the effects of length and transposed-letter similarity in Spanish across beginning, intermediate and adult readers in the most popular paradigm --with the reading aloud task--in visual word recognition:
lexical decision. The results extend previous findings on how readers encode the order of letters, and they strongly suggest that letter position coding takes place at an early prelexical effect. In addition, the dissociation in the magnitude of the length effect for words and for nonwords across beginning, intermediate, and adult readers clearly strengthens the hypothesis of a reliance on direct grapheme-phoneme associations in transparent orthographies. Taken together, these findings pose some problems for current computational models of visual word recognition. As Castles and Nation (2006) indicated, computational models of visual word recognition still have a way to go before they can capture the full complexities of orthographic learning. The development of these models remains a key issue for future research. 
